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(54) Producing porous aromatic imide polymer membranes 

(57) A porous aromatic imide polymer membrane usable as a gas or liquid 
separator or concentrator is prepared by 

(1 ) dissolving 3 to 30% by wt. of an aromatic imide polymer which comprises at 
least 80 molar % of a recurring unit (I) or (II) of formula:- 



II 



and 



wherein R is a divalent aromatic or heterocyclic radical, in 70 to 97% by wt. of a 
solvent consisting of a homogeneous mixture of: 

(A) 100 parts by wt. of at least one polar organic compound which is capable of 
dissolving therein the polymer in a concentration of 5% by wt. or more and of 
evaporating at 50 to 400°C, and 

(B) 5 to 1 50 parts by wt. of at least one polar organic compound which is 
incapable of dissolving therein 3% by wt. or more of the polymer and is capable of 
evaporating at a smaller evaporating rate than that of the above solvent at the 
above evaporating temperature so as to provide a dope solution : 

and (2) forming a thin layer of the dope solution, which is then heated at 50 to 
400°C, whereby the mixed solvent is gradually evaporated. 
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SPECIFICATION 



Process for producing porous aromatic imide polymer membranes 



5 Field of the invention 



5 



The present invention relates to a process for producing a porous aromatic imide polymer membrane. 
More particularly, the present invention relates to a process for producing a porous membrane consisting 
essentially of an aromatic imide polymer prepared from an aromatic tetra-carboxylic acid component and an 
aromatic diamine component by using a specific mixed solvent 
10 The porous aromatic imide polymer membrane prepared in accordance with the process of the present -\q 
invention exhibits an excellent gas- and liquid-separating property, an excellent heat-resistance, a superior 
resistance to chemicals, and satisfactory mechanical properties. Accordingly, the porous aromatic imide 
polymer membrane produced in accordance with the present invention can be advantageously used to 
separate a gas mixture, for example, a hydrogen-carbon monoxide gas mixture, or a liquid mixture orto 
1 5 concentrate a gas or liquid. The porous membrane may be in the form of a flat film of a hollow fiber. 1 5 

Background of the invention 
The dense aromatic imide polymer film which has been hitherto known to be usable as a gas-separating 

membrane is limited to a dense membrane produced from pyromellitic acid and an aromatic diamine in the 
20 following manner. A polyamic acid is prepared by the polymerization of pyromellitic acid with an aromatic 20 

diamine. The resultant polyamic acid is dissolved in an organic polar solvnt so as to produce a solution 

usable as a dope solution for producing membranes or films. In the preparation of the membrane or film, the 

dope solution is spread on the smooth surface of a film-forming device so as to form a thin layer of the dope 

solution and then the solvent is evaporated from the dope solution layer at a predetermined temperature. 
25 During or after the evaporating procedure, the polyamic acid is converted to the corresponding imide 25 

polymer so as to form a thin, solid film or membrane of the imide polymer. 
The above-mentioned process for producing the imide polymer membrane is rather complicated and, 

therefore, the quality of the resultant membrane is not consistent. 
Also, it is known that the conventional dense membrane consisting of an aromatic imide polymer exhibits 
30 a poor permeating rate in the case of a gas or liquid. Therefore, the conventional dense membrane made of 30 

the aromatic imide polymer can not be used to separate a gas mixture or a liquid mixture or to concentrate a 

gas or liquid unless the thickness of the membrane is made very thin. 
Accordingly, there has been a great demand for a porous membrane having a large permeating rate in the 

case of a gas or liquid and being produced from an aromatic imide polymer having an excellent heat 
35 resistance. However, the above-mentioned type of porous aromatic imide polymer membrane having a 35 

satisfactory permeating rate in the case of a gas or liquid can not be obtained by means of the conventional 

process. 

Summary of the invention 

40 An object of the present invention is to provide a process for producing a porous aromatic imide polymer 40 
membrane having a satisfactory permeating rate in the case of a gas or liquid. 

Another object of the present invention is to provide a process for producing a porous aromatic imide 
polymer membrane which can be used to separate a gas or liquid mixture and to concentrate a gas or liquid. 
The above-mentioned objects can be attained by the process of the present invention, which comprises 
45 the steps of: 45 
(1 ) dissolving 3 to 30% by weight of an aromatic imide polymer which comprises at least 80 molar % of at 
least one type of recurring unit selected from the group consisting of those of the formulae (I) and {II): 



0 
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wherein R represents a member selected from divalent aromatic radicals, in 70 to 97% by weight of a solvent 
15 consisting essentially of a homogeneous mixture of: 15 

(A) 100 parts by weight of a base solvent consisting essentially of at least one polar organic compound, 
which base solvent is capable of dissolving therein the aromatic imide polymer in a concentration of 5% by 
weight or more therein and of evaporating at a temperature of from 50 to 400°c, and 

(B) 5 to 1 50 parts by weight of an additional liquid consisting essentially of at least one polar organic 

20 compound, which additional liquid is incapable of dissolving therein 3% by weight or more of the aromatic 20 
imide polymer and is capable of evaporating at a smaller evaporating rate than that of the base solvent at the 
above-mentioned evaporating temperature, to provide a dope solution; 

(2) forming a thin layer of the dope solution; and 

(3) heating said thin layer of the dope solution at a temperature of from 50 to 400°C, whereby the mixed 

25 solvent is gradually evaporated from the thin layer of said dope solution to form a porous aromatic imide 25 
polymer membrane. 

Detailed description of the invention 

In the process of the present invention, it is essential that an aromatic imide polymer to be shaped into a 

30 porous membrane be dissolved uniformly in a specific mixed solvent of a base solvent and an additional 30 
liquid so as to provide a dope solution. The dope solution is used to produce a porous aromatic imide 
polymer membrane by forming a thin layer of the dope solution and by heating the thin layer so as to 
evaporate the mixed solvent. The process of the present invention is effective for producing a porous 
aromatic imide polymer membrane at an enhanced reproductivity rate by means of the above-mentioned 

35 dry-evaporating method. The resultant porous membrane exhibits a satisfactory permeability in the case of 35 
a gas or liquid. 

Usually, a porous polymer membrane, which can be used to separate a gas or liquid mixture, is produced 
in a wet process wherein a thin layer is formed from a dope solution of the polymer, the dope solution layer 
is coagulated in a coagulating liquid, and the resultant coagulated polymer membrane is dried. In the 
40 process of the present invention, however, no coagulating liquid is necessary to produce a solid porous 40 
aromatic imide polymer membrane, and it is easy to recover the mixed solvent during the porous 
membrane-producing process has been completed. 

In the process of the present invention, not only a porous membrane in the form of a flat film but also 
porous membrane in the form of a hollow filament or hollow tube can be readily produced. 
45 The porous aromatic imide polymer membrane produced in accordance with the present invention 45 
exhibits and enhanced permeating rate in the case of a gas or liquid substance and, therefore, can be used to 
separate a gas or liquid mixture and to concentrate a gas or liquid substance. 

It also exhibits an excellent thermal resistance and a superior resistance to chemicals and has satisfactory 
mechanical properties. 

50 The aromatic imide polymer usable for the process of the present invention comprises at least 80 molar %, 50 
preferably at least 90 molar %, of at least one type of recurring unit selected from the group consisting of 
those of the formulae (I) and (II): 
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wherein R represents a member selected from divalent aromatic radicals which includes divalent aromatic 
15 heterocyclic radicals. 15 
The divalent radical represented by R may be a residue of an aromatic or heterocyclic diamine of the 
formula: H 2 N-R-NH 2/ from which two amino groups are excluded. 

In the formulae (I) and (II ), R may represent a member selected from the group consisting of divalent 
radicals of the following formuale: 
20 20 



25 




25 



30 



35 





30 



35 



40 



45 




40 



45 



and 



50 



55 




50 



55 



wherein R\ R 2 , and R 3 , respectively, represent, independently from each other, a member selected from the 
group consisting of a hydrogen atom, lower alkyl radicals having 1 to 3 carbon atoms, and lower alkoxyl 
radicals having 1 to 3 carbon atoms; A represents a divalent linking member selected from the class 
60 consisting of -0-, -S-, -CO-, -S0 2 -, -SO-, -CH 2 -, and -C(CH 3 ) 2 -; and m represents an integer of 
from 1 toto 4. 

It is preferable that the aromatic imide polymer exhibit a logarithmic viscosity of from 0.3 to 7.0, more 
preferably from 0.4 to 5.5 and still more preferably from 0.5 to 4.0, which has been determined at a 
concentration of 0.5 g per 100 ml of a solvent consisting of a mixture of four parts by volume of 
65 p-chlorophenol and one part by volume of o-chlorophenol at a temperature of 30°C. 



60 



65 
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Also, it is preferable that the aromatic imide polymer have a degree of imidization of at least 90%, more 
preferably at least 95%. 

The term "degree of imidization%% used herein refers to the proportion in percent of the real amount of 
imide bonds existing in a polymeric chain of an aromatic polyimide to the theoretical amount of imide bonds 
5 which can theoretically exist in the polymeric chain. The amount of imide bonds can be determined by s 
means of infrared absorption spectrum analysis. That is, the amount of imide bonds can be determined from 
the height of the absorption peaks at 1780 cm" 1 and 720 cm" 1 . 

The aromatic imide polymer usable for the present invention can be prepared by bring about a 
polymerization reaction between a tetracarboxylic acid component comprising at least 80 molar %, 
1 0 preferably 90 molar %, of at least one tetracarboxylic acid selected from the group consisting of to 
benzophenone tetracarboxylic acids such as 3,3', 4,4 -and 2,3,3',4'-benzophenone tetracarboxylic acids and 
biphenyl tetracarboxylic acids such as 3,3', 4,4'-and 2,3,3'4'-biphenyl tetracarboxylic acids and a diamine 
component comprising at least one aromatic diamine of the formula, H 2 N-R-NH 2 , wherein R is as defined 
above, and by an imidization (imide ring-cyclization) reaction of the resultant polyamic acid. The 
15 polymerization and imidization reactions can be brought about by means of any conventional process. 15 
The aromatic polyimide usable for the process of the present invention can be prepared in the following 
manner. That is, a tetracarboxylic acid component and an aromatic diamine component, the molar amounts 
of which are approximately equal, are dissolved in an organic polar solvent, for example N- 
methylpyrrolidone, pyridine, N,N-dimethyl-acetamide, N,N-dimethylformamide, dimethyl sulfoxide, tet- 

20 ramethyl urea, phenol, or cresoi; the solution is heated at a temperature of about 120°C or less, preferably 20 
from 0 to 60°C, so as to allow the tetracarboxylic acid component and the aromatic diamine component to be 
polymerized with each other so as to provide a polyamic acid having a logarithmic viscosity of 0.3 or more, 
preferably 0.4 to 7, determined at a concentration of 0.5 g per 100 ml of N-methyl pyrrolidone at a 
temperature of 30°C; and the solution of the polyamic acid in the organic polar solvent, which solution can 

25 be the above-mentioned polymerization reaction mixture itself, is subjected to an imidization reaction at a 25 
temperature of from 5 to 200°C by using an imidization accelerator consisting of at least one member 
selected from tertiary amine compounds such as trimethyl amine, triethyl amine and pyridine, acetic 
anhydride, sulfonyl chloride, and carbodiimide. In another method, the imidization procedure may carried 
out at a temperature of from 100 to 300°C, preferably from 120 to 250X, without using the imidization 

30 accelerator. The resultant imide polymer has a degree of imidization of 90% or more and is isolated in the 30 
form of fine particles from the reaction mixture by means of precipitation. 

In another process for producing the aromatic imide polymer, a solution of polyamic acid in an oganic 
polar solvent , which solution is prepared by means of the above-mentioned process and which has a 
logarithmic visocisity of 0.5 or more determined at a concentration of 0.5 g per 100 ml of N- 

35 methylpyrroiidone at a temperature of 30°C, is mixed with a large amount of a precipitating agent consisting 35 
of acetone or an alcohol so as to allow the polyamic acid to precipitate from the solution. In another manner, 
the solution of polyamic acid is mixed with the precipitating agent while evaporating the organic polar 
solvant from the solution so as to allow the polyamic acid to precipitate from the reaction mixture. The 
polyamic acid precipitate is isolated in the form of fine particles from the reaction mixture, and the isolated 

40 polyamic acid is heated at a temperature of from 1 50 to 300°C until the degree of imidization of the resultant 40 
imide polymer reaches 90% or more. 

In still another process for producing the aromatic imide polymer, a tetracarboxylic acid component and 
an aromatic diamine component are polymerized and imidized in a single step in a phenolic compound in 
the state of a liquid or melt at a temperature of from 120 to 400X, preferably from 150 to 300°C. 

45 In the above-mentioned processes for producing the aromatic imide polymer, the tetracarboxylic acid 45 
component may comprise as a main ingredient at least one member selected from benzophenone 
tetracarboxylic acid compounds and biphenyl tetracarboxylic acid compounds. 

The benzophenone tetracarboxylic acid compounds may be selected from free acids, dianhydrids, salts 
and lower alkyl esters of 3,3', 4,4'-benzophenone tetracarboxylic acid (S-BTDA) and 2,3,3',4'-benzophenone 

50 tetracarboxylic acid. 5u 
The biphenyl tetracarboxylic acid compounds may be selected from free acids, dianhydrides, salts and 
lower alkyl esters of 3,3', 4,4'-biphenyl tetracarboxylic acid (S-BPDA) and 2,3,3',4'-biphenyl tetracarboxylic 
acid. 

The above-mentioned tetracarboxylic acids may be used in mixtures thereof. 

55 The tetracarboxylic acid component may contain, in addition to the above-mentioned specific tetracar- 55 
boxylic acids, 20 molar % or less, preferably 1 0 molar % or less, based on the entire amount of the 
tetracarboxylic acid component, of one or more other tetracarboxylic acids, for example, pyromellitic acid, 
2,2-bis (3,4-dicarboxyphenyl) propane, bis (3,4-di-carboxyphenyl) sulfone, bis {3,4-dicarboxyphenyl) ether, 
bis (3,4-dicarboxyphenyl) thioether, bis (3,4-dicarboxyphenyl) methane, butane tetracarboxylic acid, and 

60 anhydrides, salts and esters thereof. 60 
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The aromatic diamines usable for producing the aromatic imide polymer may be selected from the group 
consisting of those of the formulae (Ml), (IV), (V)and (VI): 





wherein R 1 , R 2 , R 3 , A, and m are as defined hereinabove. 

40 The aromatic diamines of the formula (III) may involve: diphenyl ether compounds, for example, 40 
4,4'-diaminodiphenyl ether (hereinafter referred to as DADE for brevity), 3,3'-dimethyl-4,4'-diaminodiphenyl 
ether, 3,3 '-dimethoxy-4,4'-diaminodi phenyl ether, 3,3'-diaminodiphenyl ether, and 3,4'-diaminodiphenyl 
ether; diphenyl thioether compounds, for example, 4,4'-diaminodiphenyl thioether, 3,3'-dimethyl-4,4'- 
diaminodiphenyl thioether, 3,3'-dimethoxy-4,4'-diaminodiphenyl thioether, and 3,3'-diaminodiphenyl ether; 

45 benzophenone compounds, for example, 4,4'-diaminobenzo-phenone and 3,3'-dimethyl-4,4'- 45 
diaminobenzophenone; diphenyl methane compounds, for example, 3,3'-diaminodiphenyl methane, 
4,4'-diaminodiphenyl methane (hereinafter referred to as DADM for brevity), 3,3'-dimethoxy-4,4'- 
diaminodiphenyl methane, and 3,3'<limethyl-4,4'-diaminodiphenyl methane; bisphenyl propane com- 
pounds, for example, 2,2-bis (4-aminophenyl) propane and 2,2-bis (3-aminophenyl) propane; 4,4'- 

50 diaminophenyl sulfoxide; 4,4'-diaminodiphenyl sulfone; and 3,3'-diamino-diphenyl sulfone. 50 
The aromatic diamines of the formula (IV) may involve benzidine, 3,3'-dimethyl benzidine, 3,3'- 
dimethoxybenzidine (ortho-dianisidine), and3,3'-diaminobiphenyl. 

The diamine of the formula (V) is selected from o-, m-, and p-phenylene diamines. The aromatic diamines 
of the formula (VI) may be selected from 2,6-diamiopyridine, 2,5-diaminopyridine, and 3,4-diaminopyridine. 

55 It is preferable that the aromatic diamine component consist of at least one member selected from the 55 
group consisting of 4,4'-diaminodiphenyi ether (DADE), 4,4'-diaminodiphenyl thioether, 4,4'- 
diaminodiphenyl methane (DADM), 3,3'-dimethoxy benzidine (ortho-dianisidine), and 3,3'-dimethyl benzi- 
dine. The aromatic diamine component may consist of two or more of the above-mentioned diamine 
compounds. 

60 In the process of the present invention, the dope solution to be converted into a porous membrane is 60 
prepared by dissolving 3 to 30% by weight, preferably 5 to 25% by weight, of the aromatic imide polymer in 
70 to 97% by weight, preferably 75 to 95% by weight, of a specific solvent consisting essentially of a 
homogeneous mixture of (A) 100 parts by weight of a base solvent consisting essentially of at least one polar 
organic compound, which base solvent is capable of dissolving therein at least 5% by weight, preferably at 

65 least 6% by weight, of the aromatic imide polymer and of evaporating at a temperature of from 50 to 400°C, 65 
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and {B) 5 to 150 parts by weight preferably 10 to 140 parts by weight, of an additional solvent consisting 
essentially of at least one polar organic solvent, which additional solvent is capable of dissolving therein 
only less than 3% by weight, preferably 1 .5% by weight, of the aromatic imide polymer and of evaporating at 
a smaller evaporating rate than that of the above-mentioned base solvent at the above-mentioned 
5 evaporating temperature. 5 
The base solvent preferably consists essentially of at least one phenolic compound having a melting point 
of approximately 100°C or less, more preferably 80°C or less, and a boiling point of approximately 300°C or 
less, more preferably 280°C or less, under atmospheric pressure. The phenolic compound may be selected 
from the group consisting of phenol, alkyl-substituted monohydric phenol compounds, and halogenated 
10 monohydric phenol compounds. 1q 
The alkyl-substituted monohydric phenol compound can be selected from the group consisting of o-, m-, 
and p-cresols, 3,5-xylenol, carvacrol, and thymol. 

The most preferably phenolic compounds for the base solvent are the halogenated monohydric phenol 
compounds having a melting point of about 100°C or less and a boiling point of about 300°C or less under 
1 5 atmospheric pressure. The halogenated monohydric phenol compounds can be selected from the group 15 
consisting of those of the formula 

.X 



20 



25 




20 



25 



wherein R 4 represents a member selected from the group consisting of a hydrogen atom and alkyl radicals 
having 1 to 3 carbon atoms and X represents a halogen atom. In the above-mentioned formula, it is 
preferable that the substituent X be located in the p- or m- position in relation to the hydroxyl group. These 
halogenated phenol compounds have a high ability to dissolve the aromatic imide polymer. 
30 The halogenated phenol compounds usable for the process of the present invention include 3- 30 
chlorophenol, 4-chlorophenol (P-chlorophenol, hereinafter referred to as PCP for brevity), 3-bromophenol, 
4-bromophenol, 2,chloro-4-hydroxy-toluene, 2-chloro-5-hydroxytoluene, 3-chloro-6-hydroxy-toluene, 4- 
chloro-2-hydroxytoluene, 2-bromo-4-hydroxy-toluene, 2-bromo-5-hydroxytoluene, 3-bromo-5- 
hydroxytoluene, 3-bromo-6-hydroxytoluene, and 4-bromo-2-hydroxytoluene. 
35 As an additional solvent usable for the mixed solvent, there is used an organic polar solvent which is 35 
incapable of dissolving 3% by weight or more, preferably 1.5% by weight or more, of the aromatic imide 
polymer and is capable of evaporating at a smaller evaporating rate than that of the base solvent at a 
temperature of from 30 to 400°C. In addition, it is natural that the additional liquid should be compatible with 
the base solvent. 

40 The additional liquid may consist essentially of at least one polar aromatic compound which has a boiling 40 
point of at least 5°C, preferably 1 0 to 200°C, above that of the base solvent, which is incapable of dissolving 
therein 3% by weight or more of the aromatic imide polymer, and which is compatible with the base solvent. 
The additional liquid may consist essentially of at least one polar aromatic compound which has a boiling 
point in the range of from a temperature of 30°C below the boiling point of the base solvent to a temperature 

45 of 5°C above the boiling point of the base solvent, which has an ionization potential of at least 0.1 ev, 45 
preferably at least 0.2 ev, below that of the base solvent, which is incapable of dissolving therein 3.0% by 
weight of more of the aromatic imide polymer and which is compatible with the base solvent. 

Examples of the organic compounds usable for the additional liquid are phenanthrene, o-terphenyl, 
p-terphenyl, -chioronaphthalene, triphenylphosphine, triphenylamine, aniline, naphthalene, 1- 

50 methylnaphthalene, 2-methyl-naphthaIene, dimethylnaphthalene, anthracene, and 1,2-benzanthracene. 50 
The mixed solvent for the aromatic imide polymer consists essentially of 100 parts by weight of the base 
solvent having a high dissolving activity on the aromatic imide polymer and 5 to 1 50 parts by weight, 
preferably 10 to 140 parts by weight, of the additional liquid having a poor dissolving activity on the aromatic 
imide polyer. The mixed solvent, as a whole, must be able to uniformly dissolve therein the aromatic imide 

55 polymer. Therefore, the amount of the additional liquid to be contained in the mixed solvent should be 55 
limited to such an extent that the aromatic imide polymer does not precipitant from the resultant dope 
solution. 

The composition of the mixed solvent can be predetermined in consideration of the solubility of the 
aromatic imide polymer in the mixed solvent and the processability of the resultant dope solution. 
60 In the dope solution of the present invention, the aromatic imide polymer must be uniformly dissolved in a 60 
concentration of from 3 to 30% by weight, preferably from 5 to 25% by weight, in the mixed solvent 
consisting essentially of the base solvent and the additional liquid. 

The dope solution may be prepared by any conventional method. For example, the dope solution can be 
prepared by subjecting the tetracarboxylic acid component and the aromatic diamine component to the 
65 single-step polymerization-imidization procedure in a phenolic solvent in the state of a liquid or melt at a 65 
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temperature of from 120 to 400°C, as is described for the production of the aromatic polyimide, and by 
mixing the resultant polymerization-imidization reaction mixture with a necessary amount of an additional 
liquid. 

On the other hand, in the case where the aromatic imide polymer is prepared as an isolated product in the 
5 form of fine particles, the dope solution usable for the process of the present invention can be prepared by 5 
dissolving the imide polymer particles in a mixed solvent comprising a base solvent and an additional liquid. 

It is preferable that the dope solution of the aromatic imide polymer by a homogeneous liquid and exhibit 
a rotation viscosity of at least 500 centi poises, preferably from 10 to 10,000 poises, at a thin-layer-forming 
temperature. 

10 In the process of the present invention, the dope solution is formed into a thin layer at a temperature of 10 
about 50 to about 180°C, preferably from 60 to 1 50°C. The thin layer of the dope solution is heat-dried at a 
temperature of from about 50 to about 400°C, preferably from 70 to 250°C, so as to gradually evaporate the 
mixed solvents. 

In the process of the present invention, it is preferable that the dope solution be filtered and degassed at a 
1 5 temperature of from 20 to 1 80°C, preferably from 50 to 1 50°C, before the thin-layer-forming step is carried 1 5 
out. 

In the process of the present invention, the thin layer of the dope solution may be produced and may be 
converted to a dry solid membrane by any conventional method. For example, a dope solution having the 
above-mentioned composition, which has been filtered and degassed, is coated or spread on a smooth 

20 surface of a substrate at a temperature of from about 50 to about 180°C, preferably from 60 to 1 50°C, so as to 20 
form a thin layer of the dope solution having a weight of 1 0 to 5000 g/m 2 . The thin layer of the dope solution 
is dried by gradually evaporating the mixed solvent at a temperature of from about 50 to about 400°C, 
preferably from 60 to 350°C and more preferably from 80 to 300°C, thereby producing a solidified porous 
aromatic imide polymer membrane. Finally, the porous imide polymer membrane is separated from the 

25 surface of the substrate. 25 
The heating procedure is carried out for the purpose of gradually evaporating the mixed solvent from the 
thin layer of the dope solution. Therefore, it is preferable that the heating procedure is carried out at a 
relatively low temperature, for example, from 50 to 200°C, preferably from 60 to 1 50°C, for a long period of 
time. However, in order to enhance the productivity of the porous membrane, it is preferable that the heating 

30 temperature be elevated stepwise from 50°C to 300°C. For example, the heating procedure is carried out 30 
firstly at a temperature of from 50 to 1 SOX, secondly at a temperature of from 30 to 80°C above the first 
temperature, and thirdly at a temperature of from 30 to 80°C above the second temperature. The third 
heating step may be followed by a fourth heating step carried out at a temperature higher than the 
temperature of the third heating step. 

35 In the above-mentioned heating procedure, the heating time in each stage is variable depending on the 35 
type of aromatic imide polymer contained in the dope solution, the type of base and additional solvents, the 
concentration of the aromatic imide polymer in the dope solution, and the heating temperature. Therefore, 
the heating time may be suitably determined in consideration of the above-mentioned variables. It is 
preferably that the resultant solid porous membrane have a thickness of from 5 to 500 microns and a weight 

40 of from 1 to 600 g/m 2 . 40 
The substrate having a smooth surface on which the dope solution is applied may include a glass plate, a 
copper plate, a steel plate, a metal plate plated with a suitable metal, a heat-resistant resin plate, and a 
metallic roll or belt having a smooth surface. It is necessary that the resultant solid membrane be readily 
separated from the smooth surface of the substrate. 

45 In accordance with the process of the present invention, a porous aromatic imide polymer membrane can 45 
be continuously produced in the following manner. A dope solution of an aromatic imide polymer having a 
rotation viscosity of from about 500 to about 100,000 centipoises is extruded through a slit having a width of 
from about 0.1 to about 1mm toward the smooth peripheral surface of a rotating metallic drum or belt at an 
extrusion temperature of from about 50°C to about 150"C. The extruded stream of the dope solution is spread 

50 on the peripheral surface of the rotating metallic drum or belt by its own spontaneous spreading property or 50 
by means of a doctor blade provided on the metallic roll or belt so as to form a thin layer of dope solution 
having a uniform thickness. Then the thin layer formed on the rotating drum on beft surface is dried at a 
temperature of from about 50 to about 400°C either by blowing a heated inert gas toward the thin layer or by 
applying thermic rays from an electric heater thereonto. This heating procedure causes the mixed solvent 

55 contained in the thin layer to gradually evaporate so that a solid porous aromatic imide polymer membrane 55 
is produced. Finally, the imide polymer membrane is separated from the roll or belt surface. The separated 
porous membrane is preferably washed with methyl alcohol and/or acetone so as to completely remove the 
residual mixed solvent. 

The process of the present invention is advantageous in that no coagulating liquid is used to produce the 
60 porous imide polymer membrane. Also, it should be noted that the process of the present invention makes it 60 
possible for the first time to produce a specific porous aromatic imide polymer membrane from a specific 
dope solution thereof by means of a dry method is which no coagulating liquid is used. 

According to the process of the present invention, a porous aromatic imide polymer membrane can be 
stably produced on an industrial scale by means of a continuous dry method involving easy procedures. 
65 The porous aromatic imide polymer membrane prepared in accordance with the process of the present 65 
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invention exhibits such an excellent heat resistance that the membrane can be used to separate a gas or 
liquid mixture at an elevated temperature of from about 50 to about 350°C. Furthermore, the porous 
membrane of the present invention exhibits a satisfactory gas- and liquid-permeating rate f a superior 
chemical-resisting property, and excellent mechanical properties. 
5 Therefore, the porous membrane of the present invention can be used to separate a gas or liquid mixture 5 
and to concentrate a gas or liquid. For example, the porous membrane of the present invention can be 
beneficially used to separate a hydrogen-carbon monoxide gas mixture and to concentrate the separated 
gases. The porous aromatic imide polymembrane of the present invention may be coated with a dense layer 
of an aromatic imide polymer or another polymer, which dense layer is capable of separating a gas or liquid 
10 mixture, so as to provide a composite type of separating membrane. 10 

Examples of the present invention and comparative examples are illustrated below. 

In the examples and comparative examples, the gas-permeablility (permeating rate) of the imide polymer 
membrane was determined by means of the following gas-transmission test. The membrane to be tested 
was placed in a stainless steel cell having a permeating area of 14.65 cm 2 , and hydrogen gas and carbon 
15 monoxide gas were supplied separately to the cell under a pressure of 3.0 kg/cm 2 G. The amount (volume) of 15 
gas passed through the membrane was measured with a flow meter. 

The gas-permeability (P) of each gas was calculated from the following equation : 

Gas-permeability (P) (cm 3 /cm 2 sec cmHg) = 



20 



A x T x D 



20 



wherein X represents the amount (volume) in cm 3 (STD) of gas passed through the membrane, A represents 
the permeating surface area in cm 2 of the membrane through which the gas passed, T represents the 
25 transmission time in seconds of the gas passed through the membrane, and D represents the difference in 25 
pressure in CmHg between the gas-supply side and the opposite side of the membrane. 

Examples 1 through 4 

In each of Examples 1 through 4, a separable flank equipped with a stirrer and with a conduit for 
30 introducing thereinto nitrogen gas was charged with 57.4 millimoles of 3,3',4,4'-benzophenone tetracar- 30 
boxylic dianhydride (S-BTDA), 57.4 millimoles of 4,4'-diaminodiphenyl ether (DADE), and 270 g of 
N-methyl-2-pyrroltdone (NMP). The reaction mixture was subjected to a polymerization procedure at an 
ambient temperature (20°C) for three hours while flowing nitrogen gas through the conduit and the flask so 
as to prepare a solution of a polyamic acid in NMP. 
35 The resultant solution was mixed with 200 g of NMP, 27.5 of pyridine, and 35.5 g of acetic anhydride. Then 35 
the mixture was heated gradually to a temperature of 80°C and was maintained at this temperature for one 
hour while being vigorously stirred so as to convert the polyimic acid to the corresponding imide polymer. 
An excessive amount of methyl alcohol was added to the mixture while it was being vigorously stirred so as 
to allow the resultant imide polymer to completely precipitate. The precipitated imide polymer was collected 
40 by means of filtration, was washed with methyl alcohol, and then was dried. A aromatic imide polymer 40 
powder was obtained. 

The imide polymer exhibited a logarithmic viscosity of 2.05, which viscosity was determined at a 
concentration of 0.5 g per 1 00 ml of a solvent consisting of a mixture of 4 parts by volume of p-chlorophenol 
and 1 part by volume of o-chlorophenol at a temperature of 30°C and was calculated in accordance with the 
45 following equation. 45 

Logarithmic viscosity - natural logarithm (viscosity of solution/viscosity of solvent) 

concentration of polymer in solution 

50 The imide polymer exhibited a degree of imidization of 95% or more. 50 
A dope solution was prepared by first mixing 10 g of the imide polymer, 90 g of p-chiorophenol (PCP), and 
the type and amount of the additional solvent indicated in Table 1 in a separable flask with a stirrer and by 
then heating the mixture to a temperature of approximately 100°C while stirring the mixture so as to 
homogenously dissolve the imide polymer in the mixed solvent. The solution was filtered and degassed at a 
55 temperature of approximately 80°C. 55 
The dope solution had a rotation viscosity of approximately 10 poises at a temperature of 60°C. 
The dope solution was spread on the surface of a clean, flat glass at a temperature of 60°C by using a 
doctor blade to form a thin layer of the dope solution having a uniform thickness of 0.2 mm. The thin layer of 
the dope solution on the glass plate was heated at a temperature of 100°C for 3 hours so as to gradually 
60 evaporate the mixed solvent. Thus, a resultant porous imide polymer membrane having a thickness of 60 
approximately 20 microns was obtained. 

The resultant porous membrane was subjected to a gas-permeating test. The results of the test are shown 
in Table 1. 
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Comparative Examples 1 and 2 

In each of Comparative Examples 1 and 2, an imide polymer membrane was prepared in accordance with 
the same procedures as those described in Example 1 except that the additional solvent indicated in Table 1 
was used in the amount indicated in Table 1. 
5 The resultant imide polymer membrane was subjected to a gas-transmission test. The results are shown in 5 
Table 1. 
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Each organic polar solvent per se, which was used as the additional solvent in the examples and the 
comparative examples, was substantially incapable of dissolving the aromatic imide polymer powder 
having a degree of imidization of 95% or more and a logarithmic viscosity of 2.05. 

From the results of Examples 1 through 4 and Comparative Examples 1 and 2, it is apparent that in the case 
5 where an organic polar solvent having a much higher boiling point than that of the base solvent was used as 5 
the additional solvent the resultant porous imide polymer membrane exhibited excellent properties as 
shown in Examples 1, 3, and 4. Also, it is evident that even when an organic polar solvent having a slightly 
lower boiling point than that of the base solvent was used as the additional solvent, as long as the ionization 
potential of the additional solvent was significantly lower than that of the base solvent, the resultant porous 
10 imide polymer membrane exhibited excellent properties, as indicated in Example 2, because the additional 10 
solvent was evaporated at a lower evaporating rate than that of the base solvent when the heating procedure 
was carried out on the thin layer of the dope solution. 

In contrast, when an organic polar solvent having a lower boiling point that that of the base solvent was 
used as the additional solvent, as is shown in Comparative Example 1, since the additional solvent was 
15 evaporated at a higher evaporating rate than that of the base solvent, the resultant porous imide polymer 15 
membrane exhibited a poor gas-permeating rate. That is, in this case, the gas-per-m eating rate of the 
resultant porous imide polymer corresponded to that of the usual dense, nonporous membrane. 

In addition, even when an organic polar solvent having a slightly lower boiling point than that of the base 
solvent was used as the additional solvent, when the ionization potential of the additional solvent was 
20 significantly higher than that of the base solvent, as is shown in Comparative Example 2, the resultant 20 
porous imide polymer membrane exhibited a decreased gas-permeating rate, because the additional solvent 
was evaporated more rapidly than the base solvent when the heating procedure was carried out on the thin 
layer of the dope solution. The membrane prepared in Comparative Example 2 exhibited a performance 
similar to that of the usual dense nonporous membrane. 

25 25 

Examples 5 through 8 

In each of Examples 5 through 8, a separable flank equipped with a stirrer and with a conduit for 
introducing nitrogen gas thereinto was charged with 40 millimoles of 3,3', 4,4'-bi phenyl tetracarboxylic 
dianhydride (S-BPDA), 40 millimoles of 4,4'-diaminodiphenyl ether (DADE), and 178 g of p-chiorophenol 

30 (PCP). The reaction mixture was subjected to a polymerization procedure by elevating the temperature of the 30 
reaction mixture to the level of 180°C in approximately one hour and then by maintaining the temperature of 
the reaction mixture as the above-mentioned level for five hours while flowing nitrogen gas through the 
conduit and the flask so as to prepare a solution of an imide polymer in PCP. 
The resultant reaction mixture was mixed with a large amount of a precipitating agent consisting of 

35 methylene chloride and methyl alcohol so as to allow the resultant imide polymer to precipitate from the 35 
mixture. The precipitated imide polymer was collected by means of filtration, was washed with methyl 
alcohol, and then was dried. An amide polymer powder was obtained. 

The imide polymer exhibited a degree of imidization of 95% or more and a logarithmic viscosity of 2.18 
determined by the above-mentioned method. 

40 A dope solution was prepared in the same manner as that described in Example 1 except that the type and 40 
amount of the additional solvent were as indicated in Table 2. Then, the dope solution was converted to a 
porous membrane having a thickness of approximately 10 microns by means of the same method as that 
described in Example 1 . 

The resultant porous membrane was subjected to a gas-permeating test. The results of the test are 
45 indicated in Table 2. 45 

Comparative examples 3 through 5 

In each of Comparative Examples 3 through 5, an imide polymer membrane was prepared in accordance 
with the same procedures as those described in Example 5 except that the additional solvent indicated in 
50 Table 2 was used in the amount indicated in Table 2. 50 
The resultant polyimide membrane was subjected to the afore-mentioned gas-transmission test. The 
results are shown in Table 2. 
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Each organic polar solvent per se, which was used as the additional liquid in the examples and the 
comparative examples, was substantially incapable of dissolving the aromatic imide polymer powder 
having a degree of imidization of 95% or more and a logarithmic viscosity of 2.18. 

From the results of Examples 5 through 8 and Comparative Examples 3 through 5, it is apparent that in the 
case where an organic polar solvent having a much higher boiling point than that of the base solvent was 
used as the additional liquid, the resultant porous membrane exhibited excellent properties as shown in 
Examples 5, 7, and 8. Also, it is evident that even when an organic polar solvent having a slightly lower 
boiling point than that of the base solvent was used as the additional liquid, as long as the ionization 
potential of the additional liquid was significantly lower than that of the base solvent the resultant porous 
imide polymer membrane exhibited excellent properties, as indicated in Example 6, because the additional 
liquid was evaporated at a lower evaporating rate than that of the base liquid when the heating procedure 
was carried out on the thin layer of the dope solution. 

In contrast, when an organic polar solvent having a significantly lower boiling point than that of the base 
solvent was used as the additional liquid, as is shown in Comparative Examples 3 and 4, since the additional 
liquid was evaporated at a higher evaporating rate than that of the base solvent, the resultant imide polymer 
membrane exhibited a poor gas-permeating rate. That is, in this case, the gas-permeating rate of the 
resultant imide polymer corresponded to that of the usual dense, nonporous membrane. 

In addition, even when an organic polar solvent having a slightly lower boiling point than that of the base 
solvent was used as the additional liquid, when the ionization potential of the additional solvent was 
significantly higher than that of the base solvent, as is shown in Comparative Example 5, the resultant 
membrane exhibited a decreased gas-permeating rate because the additional liquid was evaporated more 
rapidly than the base liquid when the heating procedure was carried out on the thin layer of the dope 
solution. The membrane prepared in Comparative Example 5 exhibited a performance similar to that of the 
usual dense, nonporous membrane. 

CLAIMS 
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1 . A process for producing a porous aromatic imide polymer membrane, comprising the steps of: 
(1 ) dissolving 3 to 30% by weight of an aromatic imide polymer which comprises at (east 80 molar % of at 
least one type of recurring unit selected from the group consisting of those of the formulae (I) and (II): 



30 



35 



40 



< 



> 



ft) 



35 



40 



and 



45 



50 



> 



en) 



45 



50 



55 wherein R represents a member selected from divalent aromatic radicals, in 70 to 97% by weight of a solvent 55 

consisting essentially of a homogenous mixture of: 
(A) 1 00 parts by weight of a base solvent consisting essentially of at least one polar organic compound, 

which base solvent is capable of dissolving therein said aromatic imide polymer in a concentration of 5% by 

weight or more therein and of evaporating at a temperature of from 50 to 400T, and 
60 (B) 5 to 150 parts by weight of an additional liquid consisting essentially of at least one polar organic 60 

compound, which additional liquid is incapable of dissolving therein 3% by weight or more of said aromatic 

imide polymer and is capable of evaporating at a smaller evaporating rate than that of said base solvent at 

the above-mentioned evaporating temperature so as to provide a dope solution; 
(2) forming a thin layer of said dope solution; and 
65 (3) heating said thin layer of said dope solution at a temperature of from 50 to 400°C, whereby said mixed 65 
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solvent is gradually evaporated from said thin layer of said dope solution to form a porous aromatic imide 
polymer membrane. 

2. The process as claimed in claim 1, wherein said aromatic imide polymer exhibits a logarithmic 
viscosity of from 0.3 to 7.0 determined at a concentration of 0.5 g per 100 ml of a solvent consisting of a 

5 mixture of four parts by volume of p-chlorophenol and one part by volume of o-chlorophenol at a 
temperature of 30°C. 

3. The process as claimed in claim 1 , wherein said aromatic imide polymer comprises at least 90 molar % 
of at least one type of recurring unit selected from the group consisting of those of the formulae (I) and (II). 

4. The process as claimed in claim 1 , wherein in said formulae (I) and (ll) f R represents a member selected 
10 from the group consisting of divalent radicals of the formulae 



15 



20 



25 




15 



20 



25 




50 wherein R 1 , R 2 , and R 3 , respectively, represent, independently from each other, a member selected from the 50 
group consisting of a hydrogen atom, lower alkyl radicals having 1 to 3 carbon atoms, and lower alkoxyl 
radicals having 1 to 3 carbon atoms; A represents a divalent linking member selected from the class 
consisting of -0-, -S-, -CO-, -S0 2 - -SO-, -CH 2 -, and -C(CH 3 ) 2 -; and m represents an integer of 
from 1 to 4. 

55 5. The process as claimed in claim 1 , wherein said base solvent consists essentially of at least one 55 
phenolic compound having a melting point of approximately 1 00°C or less and a boiling point of 
approximately 300°C or less under atmospheric pressure. 

6. The process as claimed in claim 5, wherein said phenolic compound is selected from the group 
consisting of phenol, alkyl-substituted monohydric phenol compounds, and halogenated monohydric 

60 phenol compounds. g n 

7. The process as claimed in claim 6, wherein said alkyl-substitued monohydric phenol compound is 
selected from the group consisting of o-, m-, and p-cresols, 3,5-xylenol, carvacrol, and thymol. 
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? \* T ?f Pr0C6SS aS ° laimed Claim 6 ' wherein said halogenated monohydric phenol compound is 
selected from the group consisting of those of the formula 



HO 



-fX' 



10 



wherein R 4 represents a member selected from the group consisting of a hydrogen atom and alkyl radicals 
having 1 to 3 carbon atoms and X represents a halogen atom. 
, c f" T ^ process as Maimed in claim 1 , wherein said additional liquid consists of at least one member 
15 selected from the group consisting essentially of phenanthrene, o-terphenyl, p-terphenyl et- 
ch I oronaphthalene, triphenylphosphine, triphenylamine, aniline, naphthalene, 1 -methyl-naphthalene 2- 
methylnaphthalene, dimethylnaphthalene, anthracene, and 1,2-benzanthracene. 

10. The process as claimed in claim 1, wherein said thin layer-forming procedure is carried out at a 
temperature of from approximately 50°C to 180°C. 

T he P rocess as claimed in claim 1, wherein said dope solution exhibits a rotation viscosity of at least 
500centi-poises at the thin layer-forming temperature. 

12. The process as claimed in claim 10, wherein said heating procedure is carried out firstly at a 
temperature of from 50 to 150°C, secondly at a temperature of from 30 to SOX above the first temperature 
and finally at a temperature of from 30 to SOT above the second temperature. 

13. A porous aromatic imide polymer membrane prepared by the process as claimed in claim 1. 
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